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Surveillance of small aortic aneurysms does not
alter anatomic suitability for endovascular repair
Franklin S. Yau, MD, Eric B. Rosero, MD, G. Patrick Clagett, MD, R. James Valentine, MD,
Gregory J. Modrall, MD, Frank R. Arko, MD, and Carlos H. Timaran, MD, Dallas, Tex
Objective: Small abdominal aortic aneurysms (AAAs; 4-5.4 cm) are more likely to be suitable for endovascular aneurysm
repair (EVAR) than large aortic aneurysms (>5.5 cm). The purpose of this study was to determine whether small AAA
growth is associated with the development of morphologic characteristics that decrease eligibility for EVAR.
Methods:We studied 54 patients who underwent 2 or more computed tomography scans with 3-dimensional reconstruc-
tion during surveillance of small AAAs. Morphologic aortic aneurysm features and changes were measured according to
Society for Vascular Surgery reporting standards. Suitability for EVAR was determined by neck anatomy (diameter,
length, and angulations), iliac artery morphology, and total aortic aneurysm angulation and tortuosity.
Results: The median age of the study cohort was 73 years (interquartile range [IQR], 65-77 years). The median
follow-up period was 24 months (IQR, 15-36 months). The median small AAA diameter increased from 44.5 mm
(IQR, 41-48 mm) to 48.9 mm (IQR, 45.7-52.0 mm). The median aortic neck diameter increased from 23.0 to 24.0
mm (P  .002), whereas median neck length decreased from 26.5 to 20.0 mm (P  .001). Aortic aneurysm median
tortuosity index increased from 1.09 to 1.11 (P  .05). No significant changes in iliac artery morphology occurred.
Overall, the anatomic suitability for endovascular repair did not significantly change during the study period (74% vs 69%;
McNemar test; P  .25).
Conclusions: Changes in aortic morphology are frequently associated with small AAA growth at mid-term follow-up, but
such changes are minor and do not affect overall anatomic suitability for EVAR. These data reveal that continued
surveillance of small AAAs does not threaten the window of opportunity for EVAR. (J Vasc Surg 2007;45:96-100.)Endovascular aneurysm repair (EVAR) has been rap-
idly replacing open aneurysm repair for the treatment of
infrarenal abdominal aortic aneurysms (AAAs). Recent re-
ports from national hospital databases have documented a
600% increase in the number of EVAR procedures per-
formed since 2000, comprising nearly half of all aneurysm
repairs.1 As the collective experience grows, it has been
observed that the clinical outcomes of EVAR for large
AAAs are inferior to the outcomes of EVAR for smaller
AAAs.2 Secondary outcomes such as rates of type I en-
doleak, device migration, and surgical conversion seem to
be higher after EVAR for large AAAs.3 Compromised
secondary outcomes have jeopardized aneurysm-related
mortality as well as overall survival.4-6
Endovascular repair of large AAAs is vulnerable to
imperfect outcomes because such aneurysms are more
likely to be associated with hostile aneurysm anatomy.3,7
Morphologic studies have demonstrated that AAA maxi-
mum diameter is inversely related to the length of the aortic
neck.8 Moreover, the diameter of the aneurysm is the most
useful surrogate determinant of feasibility for EVAR.2,8
From the Division of Vascular and Endovascular Surgery, Department of
Surgery, University of Texas Southwestern Medical Center and Dallas
Veterans Affairs Medical Center.
Competition of interest: none.
Presented at the 2006 Annual Meeting of the Society for Vascular Surgery,
Philadelphia, Pa, Jun 1-4, 2006.,
Reprint requests: Carlos H. Timaran, MD, University of Texas Southwest-
ern Medical Center, 5909 Harry Hines Blvd, Dallas, TX 75390-9157
(e-mail: carlos.timaran@utsouthwestern.edu).
0741-5214/$32.00
Copyright © 2007 by The Society for Vascular Surgery.
doi:10.1016/j.jvs.2006.08.087
96We have previously reported that 64% of patients with
small AAAs are candidates for EVAR, whereas only 39% of
patients with large AAAs are suitable for EVAR when the
manufacturers’ instructions for use are strictly followed.9
We demonstrated that small AAAs have less complex anat-
omy, with longer aortic necks, less neck angulation, and less
tortuosity. If growth of small AAAs significantly alters the
anatomic suitability for EVAR, then an argument can be
made to use EVAR at an earlier size threshold. The purpose
of this study was to longitudinally assess a group of patients
with small AAAs to determine the morphologic changes
associated with aneurysm growth and its subsequent effect
on overall suitability for EVAR.
METHODS
During a 3-year period (June 2001 to December
2003), 54 patients underwent helical computed tomo-
graphic (CT) scans that revealed AAAs with maximum
diameters ranging from 4.0 to 5.4 cm at the Dallas Veterans
Affairs Medical Center. These patients were referred for
evaluation by the vascular surgery service and were followed
up with CT surveillance of aneurysm diameter. All CT
scans were performed by using a helical Hi Speed I from
GE Medical Systems (Milwaukee, Wis) with collimation
set at 3 mm and a 2.0 pitch. The CT scans were all
evaluated by using three-dimensional reconstruction on
a Vitrea workstation (Vital Images, Plymouth, Minn).
Anatomic AAA characteristics determined from each CT
scan and based on the Society for Vascular Surgery report-
ing standards10,11 included angle-corrected aortic neck
length and diameter, suprarenal and infrarenal aortic neck
angle, amount of aortic neck thrombus and calcification,
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tortuosity index (median luminal centerline/straight line
distance),12 amount of aneurysm thrombus, amount of
iliac artery thrombus and calcification, common iliac artery
diameter and length, iliac artery tortuosity (median luminal
centerline/straight line distance), and external iliac artery
diameter. The measurements obtained from initial and
follow-up CT scans were entered into a database designed
for this anatomic study, which was approved by the local
institutional review board.
Suitability for EVAR was determined in two separate
ways according to neck anatomy (diameter, length, and
angulation), iliac artery morphology, and total aortic aneu-
rysm angulation and tortuosity. EVAR anatomic suitability
was initially determined according to the clinicians’ experi-
ence and current practice with the endografts commercially
available in the United States. In this method, EVAR
suitability was defined as the clinician’s expectation of
delivering an endograft and achieving its secure fixation at
the proximal and distal landing zones of the aneurysm
necks. Although aortic aneurysm proximal necks could be
suitable for EVAR when the proximal neck landing zone
was less than 15 mm, neck angulation had to be minimal in
these cases. In the second method, suitability for EVAR was
strictly established according to the guidelines established
by the instructions for use of the endografts as approved by
the Food and Drug Administration in the United States at
the time the study was completed: ie, AneuRx (Medtronic,
Minneapolis, Minn), Excluder (W. L. Gore & Associates,
Flagstaff, Ariz), PowerLink (Endologix, Irvine, Calif), and
Zenith (Cook, Bloomington, Ind) endovascular grafts.
These guidelines stipulate the proximal infrarenal aortic
neck length be 15 mm or longer, that neck diameter be
28 mm or less, that neck angulation be less than 50°, and
that there be an absence of circumferential calcification or
greater than 50% thrombus of the proximal aortic neck.
These are generally consistent with Food and Drug Admin-
istration labeling for currently approved devices. If EVAR
was not feasible with one device, the possibility of EVAR
was assessed with each of the remaining devices. Medical
comorbidities and surgical risk were not considered to
define EVAR suitability in this cohort.
Descriptive statistics for categorical variables are pre-
sented as relative frequencies (percentages). Morphologic
changes in aneurysm dimension were classified according to
the reporting standards for EVAR.10,11 Because this study
involved a repeated-measures design and comparisons be-
tween two matched measures for the same subjects, the
McNemar2 test for univariate analyses of categorical vari-
ables (2 for contingency tables; two-tailed P value) was
used. Continuous variables were expressed as medians and
interquartile ranges (IQRs); these were analyzed with the
Wilcoxon signed ranks test for paired comparisons. Kaplan-
Meier survival estimates were used to determine freedom
from aneurysm repair and patient survival. For the purpose
of this study, matched and paired comparisons of EVAR
suitability and aneurysm morphologic measures as assessed
in the first and last CT scan were performed. Findings wereconsidered statistically significant for the primary end
point, ie, changes in EVAR suitability, if the resulting P
value was.05. SAS version 9.1 (SAS Institute, Cary, NC)
and MedCalc for Windows version 8.1.0.0 (MedCalc Soft-
ware, Mariakerke, Belgium) were used for data analyses.
RESULTS
The median age of the study population was 73 years
(IQR, 65-77 years). All patients were male. The median
follow-up period between the initial CT scan and the last
follow-up CT scan was 24 months (IQR, 15-36 months).
Cumulative patient survival was 78% at 36 months and 61%
at 60 months. During the follow-up period, the small
aneurysms grew from a median maximum aortic aneurysm
diameter of 44.5 mm (IQR, 41-48 mm) to 48.9 mm (IQR,
45.7-52.0 mm), with a median growth rate of 2.2 mm/y.
The median aortic neck diameter increased from 23.0 to
24.0 mm (P  .02), and the median aortic neck length
decreased from 26.5 to 20.0 mm (P  .001). The median
aneurysm tortuosity index12 increased from 1.09 to 1.11
(P  .05). Iliac artery morphology characteristics did not
significantly change (Table). The percentage of patients
eligible for EVAR as assessed by the clinicians’ method
decreased from 74% to 69% (McNemar test; P  .25),
whereas EVAR suitability according to the instructions for
use of endografts decreased from 50% to 48% (McNemar
test; P  .92). To prevent confounding from inclusion of
patients with AAAs unsuitable for EVAR in their initial CT
scan, stratified analyses excluding such patients were per-
formed and revealed that the rate of endovascular suitability
according to the clinicians’ method decreased from 100%
to 93% (McNemar test; P  .25). It is interesting to note
that rates for EVAR suitability according to the instructions
for use of the endografts were the same, ie, 100% and 93%
(McNemar test; P  .5). Such changes in rates of EVAR
suitability, however, were not statically significant in these
subgroup analyses. Willingness to accommodate infrarenal
aortic necks with more angulation, calcification, and throm-
bus (n 7), as well as shorter aortic necks (n 6), accounts
for the difference in EVAR suitability between the two
different methods. None of the differences in EVAR suit-
ability during the surveillance period reached statistical
significance.
Of the 14 cases that did not qualify for EVAR at the
initial CT scan evaluation according to the clinicians’
method, 8 (57%) were due to a proximal aortic neck
diameter greater than 28 mm. Another five (36%) were
unsuitable because of proximal infrarenal aortic necks that
were too short, and the remaining one (7%) was unsuitable
because of a proximal neck that had too much calcification
and thrombus. Adverse proximal aortic neck anatomy was
the only factor to account for exclusion of patients from
endovascular repair. During the subsequent follow-up,
only two patients developed morphologic changes that
changed their status from suitable to unsuitable candidate.
Both were due to proximal necks that had shortened during
the surveillance period to a length that was too short for
onsign
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to 3 mm and from 15 to 6 mm).
On the initial CT scan, 70% (n 38) of the patients had
neck lengths greater than 15 mm, and 72% (n 39) of the
patients had neck diameters between 17 and 25 mm. At the
last CT scan, only a minority of patients who continued to
be candidates for EVAR had borderline aortic neck lengths
(11-15 mm, 10%; n  4) or borderline aortic neck diame-
ters (26-28 mm, 18%; n  8). Most (78%) patients who
were initially endovascular candidates continued to have
long (15 mm) and suitably narrow (26 mm) infrarenal
aortic necks.
During follow-up, patients with AAAs with a maximum
external diameter in any plane greater than or equal to 5 cm
and suitable for open and endovascular repair were offered
the possibility of enrollment in the Open Versus Endovas-
cular Repair Veterans Administration Trial. In this series,
25% of the patients underwent aneurysm repair (median
follow-up, 22.6 months; IQR, 8-41 months). Indications
for repair included AAAs with a maximum diameter greater
than 5 cm at their last CT scan in five patients (37%),
significant aneurysm growth (5 mm within 6 months or
10 mm with 1 year) in three patients (21%), AAAs with a
maximum diameter greater than 5.5 cm in three (21%)
patients, and symptomatic AAAs in two (14%) patients; one
(7%) aneurysm became saccular during growth. EVAR was
performed in 57% (n  8) of patients requiring repair,
whereas the remaining 43% (n  6) received open repair.
Of the six patients who underwent open repair, four had
small AAAs with anatomy suitable for EVAR at the begin-
ning and end of the study; two of these patients were
randomized to open repair as part of the Open Versus Endo-
vascular Repair Veterans Administration Trial, whereas the
other two with AAAs suitable for EVAR elected to undergo
open repair. The remaining two patients had unsuitably
short necks at both the initial and follow-up studies. The
overall freedom from surgical open and/or endovascular
intervention was 79% at 40 months and 69% at 60 months
Table. Changes of anatomic measurements of small abdom
Variable
Aneurysm maximum diameter, mm, median, (IQR)
Proximal neck diameter, mm, median (IQR)
Proximal neck length, mm, median (IQR)
Proximal neck suprarenal angle (), median (IQR)
Proximal neck infrarenal angle (), median (IQR)
Aortic neck calcification/thrombosis
Aortic angle (), median (IQR)
Aortic tortuosity index, median (IQR)
Aortic aneurysm thrombus
Iliac artery sealing zone diameter (left/right), mm (median)
Iliac artery sealing zone length (left/right), mm (median)
Iliac tortuosity index (left/right)
Iliac angle (left/right) (median)
Iliac calcification/thrombosis
CTA, Computed tomographic angiogram; IQR, interquartile range; NS, n
*Wilcoxon signed rank test (for paired data).(Fig 1). All patients undergoing open and endovascularrepair of their AAAs were alive at the end of the study
period. There was one documented aortic aneurysm rup-
ture in this series. This patient survived an emergent open
repair and was alive at the end of the study period. His AAA
had grown from 55 to 61 mm in maximum diameter. His
AAA was not suitable for EVAR because of a wide proximal
neck. Even though the patient was strongly advised to
undergo open repair of his aneurysm, he decided not to
undergo this procedure.
DISCUSSION
The results of our study indicate that, despite anatomic
changes in aortic aneurysm morphology associated with the
expansion of small AAAs, suitability for EVAR and clinical
management do not significantly change at mid-term
follow-up. Although longer follow-up would be desirable
to define whether EVAR suitability is altered during sur-
l aortic aneurysms during surveillance (n  54)
Initial CTA Last CTA P value
44.5 (41-48) 48 (46-52) .001*
23 (22-26) 24 (22-26) .002*
26 (10-35) 20 (10-30) .001*
168° (151°-177°) 166° (147°-174°) .001*
157° (146°-167°) 154° (142°-165°) .07
25%-50% 25%-50% NS
146° (138°-160°) 144° (136°-157°) .009*
1.09 (1.04-1.14) 1.11 (1.06-1.18) .05*
25%-50% 50% .007*
12/13 12/13.5 NS
50/52 48/50 NS
1.25 1.24 NS
125/121 124/120 NS
25%-50% 25%-50% NS
ificant.
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Fig 1. Freedom from surgical repair (open and endovascular)
during surveillance of small abdominal aortic aneurysms (Kaplan-
Meier method).inaveillance, there are inherent challenges in accurately iden-
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aneurysms as they grow past 5.0 to 5.5 cm. The first and
foremost explanation is that the study of such patients is
often truncated by surgical intervention for symptomatic
aneurysms or rapid expansion. In the Aneurysm Detection
and Management (ADAM) study,13 53% of patients who
had aneurysms of 45 to 49 mm at randomization required
surgical intervention at the end of the trial, with more than
one quarter of patients requiring an operation around the
2-year mark. With a cohort of patients with similar aneu-
rysm sizes (44.5 mm) at the beginning of our study, we
noted a similar 21% cumulative probability of repair at 36
months and a 31% cumulative probability of repair at 60
months. The Kaplan-Meier survival for our cohort of pa-
tients was 78% at 30 months and 61% at 50 months (Fig 2).
These two factors decreased the number of patients avail-
able for long-term follow-up and prevented a complete
evaluation of the natural history of morphologic changes of
small aneurysms.
Despite these challenges, we were able to effectively
document the morphologic changes that occurred in an
unselected cohort of patients with small aneurysms under
surveillance during the critical period of small aneurysm
growth from 4.5 to 5.0 cm. The data demonstrate that as
individual aneurysms grow in maximum diameter, the
proximal aortic neck widens in diameter and shortens in
length. Previous studies have suggested this relationship.
Bayle et al8 discovered that aneurysms larger than 6 cm had
shorter proximal necks and increased iliac tortuosity. Ar-
mon et al14 found that aneurysms larger than 7 cm had
shorter and wider aortic necks. Arko et al7 similarly ob-
served that as aneurysm size increased, aortic neck length
decreased by 27%, concomitant with a 15% higher inci-
dence of severe neck angulation. These previous studies,
however, compared two different cohorts of patients: one
with small aneurysms and one with large aneurysms. Our
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Fig 2. Cumulative patient survival during surveillance of small
abdominal aortic aneurysms (Kaplan-Meier method).study is unique in its approach, to our knowledge, becauseit longitudinally followed the morphologic changes in the
same patients over time and until repair was required.
A proximal aortic neck diameter greater than 28 mm,
which is the largest neck accommodated by the commer-
cially available Zenith endograft, was the main contraindi-
cation to EVAR (57%) in patients who did not qualify for
EVAR at the initial CT scan evaluation. Another 36% were
unsuitable for EVAR because of inadequate length of the
proximal neck, whereas the remaining 7% were ineligible
because of a proximal neck with too much calcification and
thrombus. Adverse proximal aortic neck anatomy was the
only factor to account for exclusion of patients from endo-
vascular repair. Of note, during mid-term follow-up, only
two patients initially eligible for EVAR developed morpho-
logic changes that made them subsequently unsuitable
candidates for EVAR according to the clinicians’ method.
In both instances, the proximal necks shortened to a length
inadequate to ensure an adequate seal.
Most small aneurysms have long infrarenal aortic necks
with suitable neck diameters. Upon diagnosis of the small
aneurysms at initial CT scans, 70% of the patients had
proximal necks greater than 15 mm in length, whereas 72%
had neck diameters between 17 and 25 mm. At the conclu-
sion of the surveillance period, only a few patients who
continued to be candidates for EVAR had borderline aortic
neck lengths (11-15 mm; 10%) or borderline aortic neck
diameters (26-28 mm; 18%). Most (78%) patients who
were initially endovascular candidates continued to have
comfortably long (15 mm) and narrow (26 mm) infra-
renal aortic necks.
Although our data clearly demonstrate a significant rela-
tionship between the growth of aneurysms and shorter and
wider proximal aortic necks, these morphologic changes do
not significantly affect the aneurysm’s suitability for EVAR
during the surveillance period. It seems that the suitability of
an aneurysm for endovascular repair is predetermined early in
the morphologic life of the aneurysm—likely before the max-
imum aortic diameter reaches 4 cm. If an aneurysm is not
suitable for EVAR when surgical repair is warranted, it is likely
that the aneurysm was suitable for EVAR during most of its
natural history. Conversely, if an aneurysm is suitable for
EVAR when it is small, it is likely that it will continue to be
amenable to EVAR when the appropriate time for surgical
intervention arrives. It is unlikely that intervention earlier in
the life of an aneurysm will result in an improved window of
opportunity for EVAR when it is repaired before it reaches 5
cm, as this study demonstrates. Whether earlier EVAR has a
salutary effect over delayed EVAR for small AAAs remains
unsubstantiated speculation awaiting results from random-
ized studies.
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